Based on the evaluation model of the entropy evaluation method and mutation series method, this paper evaluates the independent innovation ability of high-tech industry areas of China during the period of 2005 to 2011. It also emphatically analyzes the independent innovation of an underdeveloped area of China, the Heilongjiang Province. The result of this evaluation shows that the independent innovation ability of the high-tech industry in Heilongjiang Province has gradually reduced, expanding the gap between the high-tech industry development of Heilongjiang and that of the national average. In recent years, the high-tech industry development of Heilongjiang has already fallen further behind the Eastern areas of China.
arrangement process of index weight and ensuring the agreement between the ranking and importance. The steps of weight determination by the promoting entropy method are as follows [5] :
To start, remove dimensions from the original data and standardize the index. 
In the above formula, is the numerical value after dimensions are removed, and is the original data of the j index's i evaluation. is the average value of the j index, and is the standard deviation of the j index.
Next, in order to get rid of the influence of the minus after the dimensions are removed, it needs parallel translation as follows.
ij ij x x D    (2) In formula (2) , ′′ is the index value after the dimensions are removed, and D is the parallel translation argument. 
Finally, calculate the mutation of the j index according to :
Thus, get , which is the j index weight: 
For the evaluation index of the multilayered structure, add the utility value of the substratum structure together and get the corresponding weight of the super stratum index.
The Mutation Series

The Conception
To better master the theory of mutation, it is essential to grasp the basic conceptions of the mutation series method [12] .
Potential function: the mutation theory is used to study the mutation phenomenon by the potential function of the research object. Potentiality is the ability of the system to adopt a certain trend, which depends on the relative relationships and interactions of the various components of the system. At the same time, the relative relationship between the system and the environment is also taken into account. The system potential function of the external control parameters can describe the behavior of the system through system state variables. (The system state variables represent the behavioral state of the system and factors that affect the behavioral state)
The potential function can be expressed as follows:
In this formula, V is the potential function, x is the state variable x=(x1, x2,…, xn), c is the control variable c=(c1, c2,…, cn)
Critical point: Supposing V=V (x, c) is a continuous smooth function, if at the point ∈ (x1, x2,…, xn), there is:
In this formula, u is called the critical point of the function V.
Profile of equilibrium: Profile of equilibrium is the hook face, which is made of all the critical points.
Set of singularities: The set of points that make the matrix Hessen ΔH(V)=detH(V)=0 of the potential function V=V (x, c) is called the set of singularities.
To get the solution set, which is called the bifurcation set, solve the simultaneous formulas ΔV(x)=0 and detH(V)=0, and eliminate all the state variables (univariate is x), namely a formula that is made of all of the controls parameter. Mapping makes the set of singularities (it can certainly be the whole profile of equilibrium) into the space of the controls parameter, whose trace is right of the bifurcation set. The mutation theory defines and controls the mutation phenomenon by analyzing the properties of the bifurcation set.
Mutation series model
Reduction of the mutation series model
The mutation series method based on the elementary mutation model and its bifurcation equation gets the normalized model by reduction. Then, use the normalized model to calculate the target system until it figures out the highest-level index value. There are normalized models originating from three common mutation models (cusp mutation, swallowtail catastrophe and butterfly catastrophe) [7] :
• The cusp catastrophe normalized model It can be derived from the decomposed form of the cusp mutation bifurcation equation:
In the formula, expresses the x of u, and corresponds to the x of v.
In order to simplify the operation, the value range of the state variable x and control variable u, v must be controlled between 0 and 1.
When
= 1, = 6, and if shrink u 6 times, the range will be between 0 and 1, namely
In a similar way, shrink v 8 times makes the range between 0 and 1,
Thus, the cusp catastrophe normalized model can be expressed:
• The Swallowtail catastrophe normalized model
• The Butterfly catastrophe normalized model
The value range of x, u, v, w, t is between 0 and 1.
The comprehensive evaluation based on the normalized model
According to the theory of multiple objective fuzzy decision, in the multiple situations, suppose A1, A2,…, Am as fuzzy objects. Then, the ideal strategy is = 1 ∩ 2 ∩ ⋯ ∩ , its subordinate function is ( ) = 1 ( ) ∩ 2 ( ) ∩ ⋯ ∩ ( ) , and ( ) is the subordinate function of Ai. It is defined as the subordinate function of this scheme, that is to say it is the minimum value of all the objective subordinate functions [6] .
Focusing on various schemes, suppose G1, G2,…, Gn, and mark ( ) as the subordinate function of Gi. Lying on the complementary and dimensionless principles, the total function value can be obtained. While the effect of each control value in the system cannot be mutually replaced, the control value is in a weak correlation. Then, the evaluation should be derived from the dimensionless theory, namely minimum. On the other hand, if each control value can complement each other, then the control value is in the strong correlation. Thus, it can be replaced by the average value and the evaluation should be achieved through the complementary theory, namely maximum. Besides, the evaluation objects should be ranked based on the scores of the total evaluation index. Only following the above principles, the requirement of the bifurcation set of the mutation series method can be catered
Evaluation Index System and Data Acquisition
The construction of the evaluation index system
There are so many factors that have a very complex influence on the independent innovation ability of the high-tech industry area of China. As a result, the evaluation index must be designed with multiple layers and perspectives so that it can reflect the operation effect completely and accurately. To ensure the evaluation index system is scientific, this paper gives out an evaluation index system of the independent innovation ability by the high-tech industry area of China according to the references of Yang [8] , Wang [9] , Shui [10] , Liao [11] , Bi [1, 2] . 
Data information acquisition
The evaluation research of the independent innovation ability by the high-tech industry area of China aims to obtain the overall situation. We want to construct a better, more scientific, more reasonable evaluation index system. Through the empirical analysis, we aim to examine the evaluation model and the results of the evaluation in order to outline the activity of the independent innovation ability of the high-tech industry of areas. 
Evaluation of empirical analysis of independent innovation ability by high-tech industry areas of China
The establishment of the index weight
Based on the improved entropy method, we calculated every index weight value of the evaluation index system, and using the national data as a weighted base as well as Formula (1), we calculated the standardized values of the indexes shown in the following Table 2 : Through Formulas (2) and (3), the weight of each index is shown in Table 3 : In Table 4 each of the index weights is ranked from big to small for the funding proportion of government R&D, total R&D, R&D personnel FTE, Industry R&D funding input expenditure, and R&D accounted for the proportion of the industry's total employment.
Empirical analysis and results
Calculate the ranking of weights of each index. The control variables can be decided in the mutation series based on the evaluation of the regional independent innovation ability by the high-tech industries in China. We evaluated the independent innovation ability by high-tech industries in 29 provinces in China in 2011 as an example. In order to avoid the difference raised from the different dimensional units between the evaluation indexes and statistics, according to the requirements of the mutation theory, it is necessary to transform the raw data of the control variable into the interval value [0,1] using Formula (9) on the standardized index data: (9) Above, i shows the index number and j shows the number of objects. According to Formula (9), the standardization of the 2011 data results are shown in Table 5 : Table 5. The Evaluation of standardized data  A1  A2  A3  A4  B1  B2 Using the 2011 data of Heilongjiang province as an example, calculate the independent innovation ability of the hightech industry in Heilongjiang Province in 2011 by the mutation series:
The indexes donating the input in the third indexes consist of four indexes, namely A1, A2, A3 and A4, which form the butterfly catastrophe system model by computing the correlation coefficient obtained. They show the weak relationship between the variables. Because the index role cannot be replaced according to the "non-complementary principle", the calculated control variables should be sorted according to their sizes as follows: 
The indexes donating the output in the third grade consist of three indexes, known as B1, B2 and B3, which form the Swallowtail catastrophe mutation model. By computing the correlation confident, which shows strong correlations between variables, each index can replace each other according to the "complementary principle" or the "small fetch big" value principle. The weight of each control variable is sorted by size. The calculated control variable should be sorted according to its size as follows:
In the second index, A and B form the cusp catastrophe model by computing the correlation coefficient, which shows strong correlations between variables. Each index can replace each other according to the "complementary principle" or the "small fetch big" value principle. Each control variable weight is B and A. The controlled variable calculated should be sorted according to its size. The final value of the independent innovation ability by the high-tech industry in Heilongjiang in 2011 is:
Similarly, applying the above calculation steps, we can get all evaluations of the independent innovation abilities by high-tech industries of all the provinces from 2005-2011, as shown in Table 6 below: One of the main reasons is that with the development of the continued in-depth China reform, the independent innovation ability Heilongjiang province, as an old inland area industrial base, continued to atrophy. Heilongjiang province, which mainly manufactures traditional equipment, is impacted by the central-southern region of Liaoning as well as the BTT region, which are well-developed industrial areas. On the other hand, Heilongjiang province was also influenced by the global economic crisis of 2008, which not only affected its independent innovation ability, but also its patents. These reasons lead to the decline in the ability to independently innovate by the high-tech industry of Heilongjiang.
In order to better look at the ability of independent innovation by the high-tech industry of Heilongjiang province, we need to compare it with the average level in other areas of China in recent years: From this chart, we can see that before 2008, the ability of independent innovation by the high-tech industry of Heilongjiang province is higher than the average level of the whole nation. For instance, the evaluation value of Heilongjiang province in 2005 is 0.65, while the average level of the whole nation is less than 0.5. However, as time goes by, this difference gets smaller and smaller. After 2008, the evaluation value of the whole nation completely supersedes that of Heilongjiang. Therefore, it can be seen that the ability of independent innovation by the high-tech industry of Heilongjiang province has weakened. What's worse, the gap is getting bigger and bigger.
In addition, we look at the development of three provinces of Northeast China through factors such as location, scale of population, historical development and so on: The figure shows the development trend of the ability of independent innovation by the high-tech industries of the three provinces in Northeast China from [2005] [2006] [2007] [2008] [2009] [2010] [2011] . From the figure, it can be seen that the trend of the ability of independent innovation by the high-tech industries of the three provinces in the Northeast China declines before 2010. Then, after 2010, it begins to rise quickly. The two trends appear in the Heilongjiang and Liaoning provinces, and the fluctuation is relatively big in the Jilin and Liaoning provinces. Compared to the evaluation value of the whole nation in recent years, Liaoning leads in the area of the ability of independent innovation by high-tech industry. Following is Heilongjiang, and finally Jilin, which corresponds to the actual development of the three provinces.
In addition, we further compare the ability of independent innovation by the high-tech industry between Heilongjiang province and the developed eastern provinces. The gap between Heilongjiang province and the developed provinces is obvious: Figure 4 . The area chart between Heilongjiang province and the developed eastern provinces From this figure, it can be seen that the development of high-tech industries of Heilongjiang province lags far behind Shanghai, Jiangsu, Zhejiang, Beijing, Guangdong and so on. From the recent trend, the ability of independent innovation by the high-tech industry of Heilongjiang province is declining, while the developed eastern provinces are rising and even maintaining a higher development level. In the above eastern provinces, the Guangdong high-tech industry has the highest ability of independent innovation. Therefore, Heilongjiang province needs to learn a lot from Guangdong province in order to promote the development of the high-tech industry of Heilongjiang province.
Conclusions
This paper constructs an evaluation model on independent innovation of high-tech industry areas of China based on the entropy evaluation method and the mutation series method. The index system lies in the research input and the patent output, and it also provides the empirical evaluation of the ability of independent innovation by high-tech industries of 29 provinces in China from 2005-2011. The longitudinal comparison of the development trend of Heilongjiang province showed that its ability of independent innovation by its high-tech industry is declining, while other provinces in China as well as the average level are increasing, leading to a bigger and bigger gap. Furthermore, the development of the Heilongjiang province has fallen far behind eastern provinces in recent years. According to the final ranking result of the mutation series, the presentation of the ability of independent innovation by high-tech industries of the whole nation from 2005-2011 is not consistent, and the ability of independent innovation by high-tech industries of all the provinces in China is unbalanced year after year.
Compared with manual diagnosis, the automated method is not only convenient and saves time, but also reduces the labor intensity of doctors. The present study focuses on the feature selection and classification methods. The features are ranked according to weight using ReliefF. RF has been applied to classify cervical cells with different dimensional features. The experimental results showed the effectiveness of the proposed method and compared it with the results based on NB, C4.5, and LR. The effectiveness of different types of features was also analyzed, suggesting that automated analysis should include cytoplasm features.
